Abstract
routine monthly biochemical testing. In the central laboratory with 87% for the BCG. In group II, 84% of subjects at Leicester General Hospital, plasma samples are used for were within the normal range for both methods. The BCG method demonstrated a positive bias for heparin tubes. Plasma samples were also collected from 49 albumin compared with other methods. This affected anonymous non-renal patients (group II ) whose serum all subsets but was most marked for HD patients and samples were analysed in the routine chemical pathology those with hypoalbuminaemia (<35 g/l ) ( Table 2) . laboratory in the same week. These samples were selected to Albumin could be over-estimated by up to 10 g/l using have serum creatinine <120 mmol/l and a range of albumin BCG (assuming the ITM method as 'gold standard') concentrations. and the error increased in patients with the lowest Plasma was analysed using three different methods for albumin measurement. The BCG dye binding assay was albumin concentrations (Fig. 1B) . The BCP method performed on fresh plasma using a dry chemical method gave results closer to the ITM method in group I ( Vitros ALB slides). The quoted laboratory normal range is patients even when albumin was <35 g/l ( Table 2) . 35-55 g/l. The coefficient of variation (CV ) was 2.3-3.9% The average difference between both dye-binding within batch. The BCP assay was performed on a Beckman methods and ITM method was similar in group II CX7 analyser. The laboratory normal range of 35-52 g/l patients. The difference between BCP and ITM was based on data from the manufacturers modified accord-methods did not show any trend over the range of ing to results from the regional Protein Reference Unit and albumin concentrations ( Fig. 2B) .
from the results of 400 requests for liver function tests from primary care physicians. Within batch, CV was 2% and between batch CV ranged from 2.9 to 4.0% across a range of albumin concentrations. The immunoturbidimetric (ITM ) Discussion albumin assay was performed on a Cobas Fara Analyser using an anti-human albumin antibody (Incstar Ltd, UK ).
The CV for high and low albumin concentrations were <5% Despite the importance of albumin as an outcomewithin and between batches. Samples for both BCP and ITM measure in dialysis patients, comparatively little attenmethod had been stored for up to 2 weeks at −20°C. The tion has been paid to the inherent difficulties in albumin laboratories using the dye binding methods participate in the measurements. The use of local normal ranges as UK National External Quality Assurance Scheme for suggested by the Renal Association Renal Registry has considered this problem in detail and percentage within range for dye-binding methods. The bias and 95% limits of agreement were calculated for differ-in its first report [5] .
ences between dye-binding methods and the ITM method.
The accurate measurement of serum albumin has The bias is the mean difference between the methods and the exercised clinical biochemists for over 30 years. The 95% limits of agreement are the range covered by the mean development of automated dye binding methods utilizdifference ±2 SD of the difference [11] . The correlation ing BCG was hailed as a significant advance [13] . plots of dye binding and the immunoturbidimetric results However, within 14 years, one of the workers who (taken as reference method ) are shown although correlation developed the method was so concerned about inaccurcoefficients were not calculated. To determine whether the acies, due to non-specific binding to other plasma However, this continues to be the favoured method in the UK and other countries.
A number of studies have looked at this problem in
Results
patients with renal failure but not all have reached similar conclusions. Some studies of small numbers of HD and renal transplant patients in the 1980s reported The mean concentrations and SD for plasma albumin that the BCP method gave falsely low values for in both groups measured by the three methods are albumin concentrations and postulated that a uraemic shown in Table 1 . A difference in the percentage of toxin interfered with BCP-albumin binding [7] [8] [9] . patients with albumin within the normal range were However, a larger study from the USA found a better observed with only 57% of measurements in group I correlation between the BCP method and an immunowithin the normal range for the BCP method compared nephelometric method and highlighted that quality concentrations; therefore, a correction factor can not Therefore, the method of albumin assay has a major influence on results in HD patients and the normal be applied to a group of patients. This has important implications for day-to-day patient care and for comranges as defined in the normal population may not be applicable to renal failure patients. The use of the parative audit if different methodologies are compared.
In this study, the normal ranges for both dye-binding BCG method may lead to a systematic overestimation of albumin in dialysis patients, particularly in hypo-methods had the same lower limit (35 g/l ). Many studies quote a lower range often down to 30 g/l for albuminaemic patients-the very group at risk and those where accurate measurement is most important. the BCP method. If a lower limit of 30 g/l were used, 92% of the HD patients would be above this value, The difference in albumin concentrations using the two methods is not linear across the range of albumin similar to the 87% within normal range for the BCG
